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© Methods and device for detection of microorganisms. 



© A device adapted for containing a volume of 
growth medium and employed for detection of gas 
produced by a microorganism or microorganisms 
putatively contained within a test sample and added 
to the growth medium, comprising a primary cham- 
ber, a dome defined by the top surface of the 
primary chamber and communicating therewith, the 
dome establishing a fluid level and adapted for col- 
lection of gas produced by a microorganism within 
the growth medium, and a fill section adjacent to and 
communicating with one end of the primary cham- 
ber, the fill section spaced apart from the dome and 
extending above the fluid level, and further defining 
f^an opening for the addition of a test sample is 
^disclosed. The device may be sealed by means of a 
removable closure. An apparatus consisting of an 
g^array of substantially identical devices is also dis- 
Wclosed. In addition, methods of using the device and 
^.apparatus for detecting and estimating numbers of 
{©microorganisms, and for analyzing samples puta- 
^itjvety containing a microorganism, are disclosed. 




FIG. 1 



iu 



Xerox Copy Centre 



BNSDOC1D: <EP 0264221 A2_l_> 



1 



0 264 221 



2 



METHODS AND DEVICE FOR DETECTION OF MICROORGANISMS 



Technical Field- 

The present invention relates to an improved 
device for detection and estimation of numbers of 
microorganisms. The invention facilitates inocula- 
tion and incubation of cultures and collection and 
visualization of gas from the cultures. More particu- 
larly, this invention relates to a device, an appara- 
tus, and methods for detecting gas produced from 
the metabolism of certain chemical substances by 
samples of pure or mixed cultures of microorgan- 
isms. The invention may also be used with 
fluorogenic and chromogenic substrates to detect 
the presence of specific microorganisms within a 
sample. 

Background Art 

Identification of a specific microorganism of a 
group of microorganisms within a natural sample 
can provide useful information. This information 
may be necessary for decision-making in cases of 
possible contamination or infection. The information 
may be used to make retrospective or predictive 
judgments about an identified sample. For in- 
stance, the detection of coliform bacteria within a 
food, dairy or water sample suggests fecal con- 
tamination of that sample, and in many instances, 
cautions against human consumption for fear of 
gastroenteric disease. Alternatively, isolation of a 
characteristic bacterium from an individual with a 
specific clinical presentation usually establishes a 
diagnosis and course of therapy for that individual. 

Samples which are suspected of harboring cer- 
tain microorganisms are analyzed by prescribed 
methodologies designed to demonstrate the pres- 
ence of a taxonomically defined category of mi- 
croorganisms. The more common charac teristics 
which are used to distinguish microorganisms are 
morphology and ultrastructure, staining reactions, 
physiological and biochemical activities, and ecol- 
ogy. The physiological and biochemical reactions 
that microorganisms perform are among the most 
useful characteristics for identification. Typically, a 
population of microorganisms is assayed for the 
ability to utilize a specific substrate for growth, or 
to convert that substrate to a characteristic product 
Growth is usually indicated by formation of a visi- 
ble mass of cells on a solid growth medium or by 
the development of turbidity in liquid growth me- 
dium. Formation of a characteristic product may be 
accompanied by a change in color (from a change 
in pH or oxidation-reduction potential or from en- 



zymatic cleavage of a chromogenic compound), 
development of fluorescence, deposition of a 
precipitate, or accumulation of gas in the growth 
medium. 

5 In the fields of water, dairy, and food microbi- 

ology, samples are regularly monitored for the 
presence of microbial contaminants. Food, dairy, 
and water samples are tested for critical concentra- 
tions of organisms chosen as indicators of the 

io presence of pathogens. Testing for indicators 
avoids the necessity of assaying for every conceiv- 
able pathogenic microorganism. The group of 
' aerobic and facultatively anaerobic, Gram-negative, 
non-spore-forming, rod-shaped bacteria that fer- 

75 ments lactose with gas production within 48 hours 
when incubated at 35 °C, is designated the coliform 
bacteria, and is widely used as an indicator. Some 
coliform bacteria, such as Escherichia coli, are 
associated with fecal contamination. 

20 The taxonomic breadth of microbial identifica- 

tion may be altered for specific applications. For 
example, the epidemiologist may desire categoriza- 
tion at the level of subspecies or variant while the 
sanitarian may limit identification to an operation- 

25 ally defined group, such as the coliform bacteria. At 
either extreme of taxonomic determination, millions 
of identifications are performed annually, with many 
of the assays involving tedious steps and requiring 
considerable laboratory space and equipment. 

30 Consequently, a method which provides easy and 
efficient microbial detection, identification, or es- 
timation will save the laboratory considerable time 
and money. 

One technique frequently used for the estima- 

35 tion of coliform bacteria in food and water samples 
is the most-probable number (MPN) test. The MPN 
test is based on probability statistics, and results 
are directly related to the frequency of occurrence 
of a series of positive results when given numbers 

40 of microorganisms are present in a sample. The 
MPN technique is based on two assumptions. First, 
if a sample contains microorganisms, the microor- 
ganisms are randomly distributed throughout a di- 
lution or homogenate of the sample. Second, when 

45 an aliquot of culture medium is inoculated with a 
viable cell and processed properly, a "positive" 
result will be observed. 

Both the MPN procedure and the direct plating 
technique are used to quantitate viable microorgan- 

50 isms. However, for many samples, plating of dilut- 
ed samples on agar plates and direct counting of 
resultant colonies are not feasible. Certain bacteria 
will not grow on any solid medium, and thus re- 
quire cultivation in liquid medium. The nature of 
some food products makes standard plating proce- 
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dures difficult, because of particulates and low 
microbial density (i.e., < 10 organisms/gm). The 
MPN procedure utilizes liquid growth media, and 
permits greater flexibility in inoculum volume and 
greater sensitivity at low microbial density. The use 
of liquid media often enhances the recovery of 
microorganisms that have been debilitated by pro- 
cesses such as heating, drying, or the addition of a 
disinfectant or sanitizing agent. 

Specifically, the MPN technique requires dilu- 
tion of a test sample until the microbial density is 
less than one viable cell per milliliter. Replicate 
aliquots are removed from appropriately diluted 
samples, inoculated into separate tubes of growth 
medium, and incubated to allow growth. Usually 
three to five serial 10-fold dilutions are tested. 
Tubes inoculated with one or more viable cells will 
demonstrate growth; those that did not receive a 
viable cell will not demonstrate growth. The propor- 
tion of tubes that demonstrate growth is a measure 
of the probability of receiving a viable ceil. This 
probability can be converted back into cell con- 
centration by use of statistical tables, constructed 
for use with three, five, or ten replicate samples per 
dilution. Accuracy of the MPN test increases as the 
number of replicates per dilution increases. 

The MPN procedure may be used to estimate 
the total number of viable organisms, as well as the 
number of a variety of specific bacteria or groups 
of bacteria Each MPN estimation is accomplished 
through detection of characteristics that are unique 
to that organism or group of organisms. For exam- 
ple, gas production resulting from the fermentation 
of lactose under appropriate conditions is used to 
estimate colifomn concentrations through use of the 
MPN procedure (designated the coliform MPN pro- 
cedure). 

Within this application, any microorganism that 
produces gas during metabolism will be referred to 
as an "aerogenic microorganism." In a modification 
of the coliform MPN procedure, fluorogenic or 
chromogenic substrates may be added to the 
growth medium. For instance, non-fluorescent or 
non-colored agents may be cleaved specifically by 
the coliform bacterium E. coli to yield a fluorescent 
or colored product Inoculated growth medium con- 
taining a fluorogenic or chromogenic substrate 
would be examined after 24 h at 35 °C under an 
appropriate light source, and the presence of flu- 
orescence or color would indicate the presence of 
E coi[ in the test sample. Such medium modifica- 
tion thus permits the additional identification of 
coliform samples that specifically contain E. coli/ In 
addition, the MPN format in which the test was 
conducted may permit a separate estimation of the 
number of E. coli in the sample. 



At present several devices or methods are 
available for performing coliform MPN tests, but all 
possess certain disadvantages. Most MPN meth- 
ods that allow detection of gas production by grow- 
5 ing bacteria rely on the displacement of culture 
fluid by the gas produced to form a visually detect- 
able bubble. One such gas detection method, em- 
ploys a J-or V-shaped culture vessel or fermenta- 
tion tube containing one open and one closed end. 

10 Liquid growth medium is placed into the open end 
of the tube, and the tube is tilted so that the 
medium fills the closed arm of the V. The tube is 
then inoculated and incubated, and any gas pro- 
duced within the closed arm of the V rises and 

75 accumulates at the top of the arm. This method is 
useful for both qualitative and quantitative gas de- 
terminations, but suffers from several drawbacks. 
First the J-or V-tubes employed are blown glass 
and are relatively expensive. Furthermore, the 

20 tubes are delicate because they sit on a pedestal, 
and the multiple operations that are required for 
their use (e.g., washing, sterilizing, filling, inoculat- 
ing, and handling to and from the incubator) make 
them both susceptible to breakage and incon- 

25 venient to use. Moreover, this susceptibility to 
breakage and spillage poses a special biohazard 
when pathogenic microorganisms have been cul- 
tured. Finally, the tubes are bulky and require a 
large amount of incubator space, making the si-. 

3D multaneous performance of multiple tests unfeasi- 
ble. As a result of the limitations noted above, V- 
and J-tubes have not received general acceptance 
for use with the MPN procedure. 

The most widely used and presently preferred 

35 method for gas entrapment and detection in con- 
junction with MPN determinations employs a 
capped test tube containing liquid growth medium. 
Disposed within this capped tube is a second, 
smaller diameter Durham tube that is inverted in 

40 the growth medium. When the test tube is inocu- 
lated with aerogenic bacteria and incubated, gas 
produced by microorganisms collects and forms a 
bubble under the inverted Durham tube. 

For MPN determination using test tubes con- 

45 taining Durham tubes, inoculated tubes are often 
placed in a three-by-three array in a test tube rack 
(i.e-., three replicates of three 10-fold dilutions). 
After incubation, the tubes are observed for gas 
production. The Durham tube method is subop- 

50 timal, because only the gas produced by microor- 
ganisms under the Durham tube is collected, and 
consequently, only a fraction of the culture's 
aerogenic potential is sampled. Second, air must 
be evacuated from the Durham tube by heat ster- 

55 ilization. This step suffers from the disadvantage 
that some growth components are heat labile (e.g., 
sugars), and therefore must be added separately to 
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each culture tube from a filter-sterilized stock after 
the heating step. Third, air may be inadvertantly 
introduced into the Durham tube upon addition of 
the inoculum. 

Another method for MPN estimation through 
detection of trapped gas involves overlaying an 
inoculated test tube of broth medium with heavy 
mineral oil or molten agar. These overlayed sub- 
strates form a barrier at the top of the broth me- 
dium under which gas bubbles collect. This overlay 
method has several drawbacks: (1) it is tedious, 
since it requires a separate addition to each culture 
tube; (2) it requires a high degree of skill to overlay 
molten agar on a liquid medium; (3) it is time- 
consuming, because it involves separate prepara- 
tion of the overlay materials and sterile addition to 
culture tubes; and (4) in the case of a mineral oil 
overlay, the method is unreliable because bubbles 
frequently escape between the test tube 
wall/mineral oil interface. 

A more recent method utilizing gas entrapment 
and visualization is exemplified by the 3M product, 
Petrifilm. When Petrifilm is inoculated with a liquid 
sample a gel-containing growth medium is re- 
hydrated. The inoculated medium is sandwiched 
between two plastic film sheets, forming a thin 
layer for incubation. Bacterial colonies are detected 
as: stained masses of cells, due to the incorporation 
of a dye in the growth medium. Gas produced by 
micro organisms within a colony is entrapped be- 
tween the layers of the film immediately adjacent 
to. the colony. This sandwich method, however, 
requires a degree of skill for inoculation and 
"sandwiching" of the inoculum between the two 
layers of film. The Petrifilm method may be used 
for viable coliform quantitation but is not practical 
to use in an MPN format. 

In addition to the noted disadvantages of cur- 
rent gas detection methods, as employed with a 
small number of samples, all of the described 
methods become even more inconvenient when 
used for large-scale testing of multiple samples. 
Monitoring of gas production by any of the meth- 
ods noted above dictates that separate units of the 
particular gas collection apparatus be individually 
handled during preparation, inoculation, incubation, 
and visualization of the results for each sample 
tested. These multiple independent operations 
present problems in handling, spatial inefficiency in 
storage and incubation, and inconvenience during 
visualization of gas production. 

There is a need in the art, therefore, for a gas 
collection device or apparatus that entraps gas 
efficiently and provides single or multiple tests in a 
stable, easy-to-handle, spatially efficient manner. 
The present invention fulfills this need and further 
provides other related advantages. 



Disclosure of the Invention 

One aspect of the present invention relates to a 
device adapted for containing a volume of growth 
medium, the device employed for detection of gas 
produced by a microorganism or microorganisms 
putatively contained within a sample added to the 
growth medium, comprising a primary chamber 
having a top surface, a dome defined by the top 

70 surface of the primary chamber and communicat- 
ing therewith, the dome establishes a fluid level 
and is adapted for collection of the gas production 
by a microorganism or microorganisms within the 
growth medium, and a fill section adjacent to and 

75 communicating with one end of the primary cham- 
ber, the fill section spaced apart from the dome 
and extending above the fluid level, and further 
defining an opening for the addition of the test 
inoculum. 

20 A second aspect of the present invention re- 

lates to an apparatus consisting of an array of 
adjacent, substantially identical devices, each de- 
vice adapted for containing a volume of growth 
medium and employed for detection of gas pro- 

25 duced by a microorganism putatively contained 
within a test sample added to the growth medium 
of each device, each device comprising a primary 
chamber having a top* surface, a dome defined by 
the top surface of the primary chamber and com- 

30 municating therewith t the dome establishes a fluid 
level and is adapted for collection of the gas pro- 
duced by the microorganism or microorganisms 
within the growth medium, a fill section adjacent to 
and communicating with one end of the primary 

35 chamber, the fill section spaced apart from the 
dome and extending above the fluid level, and 
further defining an opening for the addition of the 
test sample, and a means for selectively closing 
the opening defined by the fill section. Apparati 

4o consisting of three-by-three and three-by-five ar- 
rays of the device are preferred. 

A method for detecting the presence of 
aerogenic microorganisms within a sample puta- 
tively containing a microorganism utilizing the de- 

45 vice of the present invention, comprising the steps 
of adding growth medium to the device, adding the 
sample to the growth medium, thereby forming a 
mixture, incubating the mixture, and detecting the 
presence of aerogenic microorganisms by deter- 
so mining the presence or absence of gas within the 
device is disclosed. Preferred samples include wa- 
ter, dairy and food samples, and biological fluids. 
Preferred growth media contain 0.01% to 1.0% of a 
wetting agent in a non-bactericidal and non-bac- 

55 teriostatic concentration. 
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A method for detecting the presence of 
aerogenic microorganisms in a plurality of samples 
putativeiy contain ing a microorganism utilizing the 
apparatus of the present invention, comprising the 
steps of adding growth medium to at least two 
devices of. the apparatus, preferably said growth 
medium contains a wetting agent to facilitate mi- 
gration of the gas bubbles into the dome, adding 
the samples to the devices containing the growth 
medium, thereby forming mixtures, incubating the 
mixtures, and detecting the presence of aerogenic 
microorganisms by determining the presence or 
absence of gas within each device is also dis- 
closed. 

Another embodiment of the invention discloses 
a method for estimating the number of aerogenic 
microorganisms . within a sample utilizing the ap- 
paratus of the present invention, comprising the 
steps of adding growth medium to at least two 
devices of the apparatus, adding serial dilutions of 
a sample containing at least one aerogenic mi- 
croorganism to the devices containing the growth 
medium, thereby forming mixtures, incubating the 
mixtures, and estimating the number of microor- 
ganisms within the sample. 

A further aspect of the invention discloses a 
method of analyzing a sample putativeiy containing 
a microorganism utilizing the device of the present 
invention, comprising the steps of adding growth 
medium containing a fluorogenic or chromogenic 
substrate to the device, adding the sample to the 
growth medium, thereby forming a mixture, in- 
cubating the mixture, detecting the presence of 
aerogenic microorganisms by determining the 
presence or absence of gas within the device, and 
determining the presence of microorganisms by 
detecting the presence or absence of fluorescent of 
colored products withinjhe growth medium. 

Yet another aspect of the invention describes a 
method for analyzing a plurality of samples, each 
putativeiy containing a microorganism or microor- 
ganisms utilizing the apparatus of the present in- 
vention, comprising the steps of adding growth 
medium containing a fluorogenic or chromogenic 
substrate to at least two devices of the apparatus, 
adding the samples to the devices containing the 
growth medium, thereby forming mixtures, incubat- 
ing the mixtures, detecting the presence of mi- 
croorganisms by determining the presence or ab- 
sence of gas within each device, and determining 
the presence of microorganisms by detecting the 
presence or absence of fluorescent or colored pro- 
ducts within the growth medium. 

A method of analyzing microorganisms within a 
sample utilizing the apparatus of the present inven- 
tion, comprising the steps of adding growth me- 
dium containing a fluorogenic or chromogenic sub- 
strate to at least two devices of the apparatus, 



adding serial dilutions of a sample containing at 
least one microorganism to the devices containing 
the growth medium, thereby forming mixtures, in- 
cubating the mixtures, estimating the number of 
5 aerogenic microorganisms within the sample, and 
determining the presence of microorganisms by 
detecting the presence or absence of fluorescent 
or colored products within the growth medium. 

10 

Brief Description of the Drawings 

Figure 1 is an isometric view of a preferred 
embodiment of an apparatus constructed according 

75 to the principles of the present invention. 

Figure 2 is a top plan view of an alternative 
preferred embodiment of the present invention, 
comprising a two-dimensional array of devices as 
depicted in Figure 1 . 

20 . Figure 3 represents a cross section of the 

apparatus shown in Figure 2, on the line des- 
ignated 3-3. 

25 Best Mode for Carrying Out the Invention 

As noted above, current devices and tech- 
niques for detecting gas production are accom- 
panied by numerous disadvantages. Presently 

30 available methods are tedious, time-consuming, 
and/or require a certain level of skill to perform 
reproducibly. In addition, some methods of gas 
detection do not maximize gas collection, since 
only a portion of the gas produced by a given 

as microbial culture is collected for detection. Various 
devices employed for gas collection and detection 
are fragile, cumbersome, and/or spatially incon- 
venient. Further, the devices presently used for gas 
collection and detection are susceptible to spillage 

40 of biohazardous materials contained within the de- 
vices. In addition, because tests utilizing gas col- 
lection, such as the MPN technique, are often done 
on a large scale, the disadvantages noted above 
become amplified. 

45 The present invention describes a simple, im- 
proved device for entrapment and visualization of 
gas produced by microorganisms within a liquid 
growth medium. The present device provides a 
more efficient means of gas collection and is well 

so suited to the multiple unit testing needed for es- 
timation by the MPN procedure of the number of 
microorganisms present in numerous test samples. 

Referring to Figure 1 , a preferred embodiment 
of the gas collection device 10 of the present 

55 invention is shown. The gas collection device 10 
may be constructed primarily from transparent ma- 
terials, such as plastic or glass. .The base of the 
gas collection device may be constructed from 
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nontransparent materials to better visualize turbidity 
and gas bubbles. Further, the gas collection device 
must be constructed with gas barrier materials of 
sufficient thickness so as to significantly reduce hfe 
migration through the barrier material. Preferably, 
the gas barrier material is polystyrene, poly- 
vinylidene chloride, acrylonitrile-butadiene-styrene 
copolymer, styrene-acrylonitrile polymer, 
polyacrylonitrile, or polyvinyl chloride. This device 
comprises a primary chamber 12 for accommodat- 
ing a volume of growth medium. The base 22 of 
the primary chamber 12 is substantially rectangu- 
lar, with opposite walls 26 being substantially mutu- 
ally parallel, and adjacent walls 26 being substan- 
tially mutually perpendicular. The primary chamber 
12 has a top surface 14 that defines a dome 16. 
The dome 16 is adapted to collect gas produced 
by microorganisms contained within the primary 
chamber 12. The dome 16 extends above the top 
surface 14, and the highest interior point of the 
dome 14 establishes a fluid level. The top surface 
14 is slanted upwardly toward the dome 16 to 
facilitate entrapment of gas within the dome 16. 

A fill section 18 is positioned adjacent to one 
end of the primary chamber 12, and communicates 
with the primary chamber 12. The fill section 18 
extends above the. fluid level established by the 
dome 16. In addition, the fill section 18 is spaced 
apart from the dome 16 of the top surface 14. The 
fill section 18 and the primary chamber 12 share a 
contiguous base 22 that is substantially perpen- 
dicular to the walls 26 of the primary chamber 12. 
An inlet surface 24 defines the upper boundary of 
the fill section 18, and further defines an opening 
20 for the introduction of a test sample (not 
shown) into the primary chamber 12. In a preferred 
embodiment, the inlet surface 24 is substantially 
parallel to the base 22. 

The openings 20 of the device 10 may be 
selectively closed by means of a removable clo- 
sure 28. The removable closure comprises a plug 
30 that is coupled to a plastic insert 32 by means 
of a flexible hinge 34. The outer surface of the 
plastic insert 32 frictionally engages the inner sur- 
face of the opening 20 to provide a first seal 
therebetween. When the associated plug 30 is fully 
depressed into the opening 20, a second seal is 
created between the outer periphery of the plug 30 
and the inner surface of the plastic insert 32. In a 
preferred embodiment, the first and second seals 
created are hermetic seals. The outer surface of 
the plug 30 defines a flat surface 36 that provides 
for selective venting of the device 10 through par- 
tial insertion of the plug 30 into the plastic insert 
32. Partial insertion of the plug 30 creates a gap 



between the flat surface 36 and the inner surface of 
the plastic insert 32 to allow pressure equalization 
between the interior of the device 10 and the 
atmosphere. 

5 In an alternative preferred embodiment, shown * 

in Figures 2 and 3, an apparatus 100 comprises an 
array of substantially identical, adjacent units of a 
gas collection device 10. in a preferred embodi- 
ment, the apparatus 100 contains three rows and 

io three columns of adjacent units of the gas collec- 
tion device 10. with the fill sections 118 disposed 
proximal to one end of the apparatus 1 00. It would 
be i^vious to one skilled in the art that arrays 
comprising other combinations of rows and col- 

75 umns of adjacent units could be employed. For 
example, a three-by-three, a three-by-five, a five- 
by-five or a one-by-five array may be preferred for 
some applications. 

All devices within the apparatus 100 preferably 

20 share a contiguous base 122, and all adjacent 
primary chambers 112 share at least one contig- 
uous wall 126. Within the apparatus 100, opposite 
walls 126 of the primary chambers 112 are sub- 
stantially mutually parallel, and adjacent walls 126 

25 are substantially mutually perpendicular. 

Each primary chamber 112 has a top surface 
114 that defines a dome 116. The dome 116 ex- 
tends above the top surface 114, and the highest 
interior point of the dome 116 establishes a fluid 

30 level. Gas produced by microorganisms contained 
within the primary chamber 112 collects in the 
dome 116. The top surface 1 14 is slanted upwardly 
to facilitate the entrapment of gas within the dome 
116. 

35 Each device of the apparatus 100 has a fill 

section 118 that is disposed adjacent to and com- 
municates with one end of a primary chamber 112. 
Along one axis of an apparatus 100, fill sections 
118 would be disposed adjacent to each other. 

40 Along the perpendicular axis of an apparatus 100, 
fill sections 118 would be disposed adjacent to, but 
would not communicate with, a primary chamber 
112. 

Each fill section 118 extends above the fluid 
45 level established by a dome 116, and is spaced 
apart from dome 116. Each fill section 118 is 
continuous with an inlet surface 124 that is sub- 
stantially parallel to the base 122. Each inlet sur- 
face 124 further defines an opening 120 for the 
so introduction of test samples (not shown) into the 
primary chamber 112. 

Figure 3 depicts the internal geometry of the 
apparatus 100 of Figure 2, which comprises an 
array of devices, each of which has structure analo- 
55 , gous to the device 1 0 shown in Figure 1 . 
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The fill section 18 defines an intermediate vol- 
ume 138 and a distal volume 140. The intermediate 
volume 138 is selected to accommodate a volume 
of fluid, such that no part of the total volume of 
fluid added to the apparatus 100 can spili through 
the opening 120 as the apparatus 100 is tilted 70°- 
120° from a horizontal reference plane to purge 
gas from the dome 116. The distal volume 140 is 
designed to minimize the volume of fluid contained 
within the fill section 118 when the device is hori- 
zontally disposed. 

The interior edge,142 of the dome 116 defines 
a plane which intersects the plane of the base 122, 
such that the portion of the edge 142 adjacent to 
the fill section 1 1 8 is elevated at a greater distance 
from the base 122 than that portion of the edge 
142 that is distal to the fill section 118. This ar- 
rangement provides that a predetermined maxi- 
mum volume of gas produced by microorganisms 
within the culture medium can be trapped within 
the dome 116, and that any additional volume of 
gas will be conveniently released into the fill sec- 
tion 118. Due to the analogous internal structure of 
the preferred embodiment device 10 of Figure 1 
and each device of the preferred embodiment ap- 
paratus 100 of Figure 3, there exists comparable 
functionality between these embodiments. 

The openings 120 of the apparatus 100 may 
be selectively closed by means of a removable 
closure 128. The removable closure 128 comprises 
three plugs 130, each coupled to a plastic insert 
132 by means of a flexible hinge 134. The outer 
surface of the plastic insert 132 frictionaJly engages 
the inner surface of an opening 120 to provide a 
first seal therebetween. When fully depressed into 
the opening 120, a second seal is created between 
the outer periphery of the plug 130 and the inner 
surface of the plastic insert 132. In a preferred 
embodiment the first and second seals created are 
hermetic seals. The outer surface of each plug 130 
defines a flat surface 136 that provides for selective 
venting of a device by partially inserting the plug 
130 into the plastic insert 132 that is frictionally 
engaged within the opening 120, thus creating a 
gap to allow pressure equalization between the 
interior of the device and the atmosphere. 

The device and apparatus described above of- 
fer several advantages over gas collection devices 
previously available. Individual gas collection de- 
vices can be easily adapted into various arrays of 
chambers, facilitating multiple testing of numerous 
samples. While multiple testing with vertical tubes 
may lead to tipping and potential spilling of 
biohazardous materials, the major plane of the ap- 
paratus of the present invention is horizontal, offer- 
ing stability and safety. Further, the gas collection 
devices, either singly or in an array, are self-sup- 
porting, and do not require the use of accessory 



racks, as with vertical tubes. The elimination of the 
need for racks makes the device, either singly or in 
an array, spatially more efficient Further, the ap- 
paratus can be stacked vertically for storage, in- 

5 cubation, and sterilization after use, leading to spa- 
tial efficiency. 

Another advantage of the apparatus is simulta- 
neous air evacuation from the gas collection area. 
Currently available gas collection devices in which 

70 air was present or introduced into the gas collec- 
tion compartment during preparation or inoculation 
would generally be discarded (Durham tubes) or 
evacuated individually (J-tubes). Apparati of the 
present invention facilitate simultaneous air evacu- 

15 ation through the simple process of tilting the ap- 
paratus. 

The removable closure of the device may uti- 
lize an individual hinged plug, providing ease of 
opening and closing the entry to the device. The 

20 hinge ensures that plugs of the removable closures 
are not dropped, contami nated, or misplaced after 
removal from the plastic inserts. The two-position 
insertion of the plug allows the device to be either 
hermetically sealed or ventable. Coupling of remov- 

25 able closures in groups of three facilitates rapid 
removal and insertion of plugs into the apparatus. 

A further advantage of the device or apparatus 
of the present invention is disposability. Durham 
tube and J-tube devices are sterilized after use, 

30 cleaned, and reused. These steps are curnber- 
'some, time-consuming, and are accompanied by 
breakage. The device and apparatus described 
above provide ease in handling, because the de- 
vice or apparatus is merely disposed of after use. 

35 The device and apparatus are made of inexpen- 
sive, transparent materials, and are suited to large- 
scale production. 

The device of the present invention further 
provides superior gas collection. The dome of the 

40 chamber collects gas from approximately 75% of 
the volume of the culture medium contained within 
the device. Improved collection of gas imparts 
more sensitivity to gas detection through use of the 
present invention as compared to the conventional 

45 Durham-or J-tube devices. In addition, if concen- 
trated culture medium is utilized, the equilibration 
of the medium after inoculation of the sample is 
rapidly achieved through use of the present device. 
In contrast, use of concentrated medium with con- 
so ventional devices is problematic, because the con- 
centrated medium equilibrates slowly by diffusion 
after inoculation. 

The device and apparatus described above are 
useful for the collection and detection of gas pro- 

55 duced by microorganisms in test samples. In an 
alternate preferred embodiment, the device may 
contain a sterile culture medium in a concentrated 
form. The culture medium should contain 0.01% to 
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1.0% of a wetting agent or surfactant. Preferably, 
the surfactant is a nonionic or anionic surfactant 
Most- -preferably, the surfactant is alkylphenyl 
polyether alcohol (i.e., Triton X-100® or Triton X- 
102®), silicon glycol surfactant (i.e., Dow X2-521 1 ® 
or Dow X2-5212®), sodium heptadecyl sulfate 
(Niacet®), nonionic secondary alcohol ethoxylate 
(Tergitol®), poiyalkalene oxide-modified dimethyl 
polysiloxanes (Silwet®), or sodium dioctyl sulfosuc- 
cinate (Aerosol®). This culture medium is appro- 
priately prepared so that the addition of an in- 
oculum to the culture medium would result in a 
desired final concentration of culture medium. For 
instance, MPN testing of samples to determine the 
number of coliform bacteria contained within each 
of the samples would involve the addition of an 
inoculum to sterile growth medium in the device to 
yield a volume greater than the volume defined by 
the primary chamber, the top surface, and the 
dome of the device. The culture medium is placed 
in the device by means of the opening in the fin 
section of the device. After addition of an inoculum 
to the device, any air remaining in the dome of the 
top surface is easily and rapidly evacuated by 
tilting the device such that the dome is completely 
filled with growth medium. When the device is 
returned to the untilted position, the entire enclo- 
sure, as defined by the primary chamber, the top 
surface and the dome, is free of entrapped air. If 
air is subsequently introduced into the dome during 
further manipulations the device may be tilted at 
any time to once again remove entrapped air. 

The device and apparatus provide a single- 
chamber format for performing presumptive and 
confirmatory stages of conform MPN tests. For 
instance, cultures that produce gas after 24 or 48 
hours may be confirmed as positive by supplemen- 
ting the culture with a concentrated solution of 
brilliant green bile (BGB) medium to an appropriate 
final concentration. The device or apparatus is tilt- 
ed several times to remove entrapped air and 
equilibrate the BGB medium. A successful single- 
chamber format, as described above, requires 
proper equilibration of supplemented medium, 
which cannot be rapidly achieved with J-tube or 
Durham tube devices, which depend on diffusion 
as noted above. 

The presence of aerogenic microorganisms in 
a plurality of samples may be detected through 
inoculation of individual devices of the apparatus of 
the present invention. Further, the apparatus may 
be used for estimation of numbers of microorgan- 
isms within test samples, for example, by appro- 
priately diluting test samples for MPN testing. Ei- 
ther three-by-three, three-by-five, five-by-five, or 
one-by-five arrays may be employed in a preferred 
embodiment, the choice of apparatus employed to 
be determined by the number of dilutions and the 



number of replicates to be tested. For MPN testing, 
triplicate samples from 10-fold dilutions may be 
added to each row of three devices through the 
opening in each fill section. Inoculated apparati 
5 may then be stacked for spatially efficient incuba- 
tion. 

in addition, the device and the apparatus of the 
present invention may be employed for the detec- 
tion of microbial gas production and the detection 

70 of microbially produced fluorescence of color re- 
sulting from the hydrolysis of fluorogenic or 
chromogenic substrates in the growth medium. For 
instance, microbial enzyme reactions may provide 
a highly specific, rapid and sensitive assay for 

is detection of specific strains of microorganisms. 

Examples of suitable fluorogenic substrates 
which may be utilized within the present invention 
are listed in Table 1 . 



TABLE 1 

Fluorogenic substrates 

Fluorescein diacetate 
25 4-Methylumbelliferyl acetate 

4- Methyl urn belliferyi casein 

4-Methylumbelliferyl-a-1-arabinopyranoside 

4-Methyfumbelliferyl-£-D-fucopyranoside 

4-MethylumbelIiferyl-er-L-fucopyranoside 
30 * 4-MethyIumbelliferyl-j3-L-fucopyranoside 

4-MethyIumbelliferyl-cr-D-galactopyranoside 

4-Methylumbelliferyl-£-D-gafactopyranoside 

4-Methylumbelliferyl-a-D-glucopyranoside 

4-Methylumbelliferyl-^-D-glucopyranoside 
35 4-Methylumbelliferyl-^-D-gIucuronide 

4-Methylumbelliferyl nonanoate 

4-MethylumbeIlifery! oleate 

4-Methylumbeiliferyi phosphate 

bis(4-Methylumbelliferyl)phosphate 
40 4-Methylumbelliferyl pyrophosphate diester 

4-Methylumbelliferyl-^-D-xylopyranoside 

A list of suitable chromogenic substrates for 

use within the present invention is contained in 

Table 2. 



TABLE 2 

Chromogenic substrates 
so o-Nitrophenyl-£-D-galactopyranoside 
p-Nitrophenyl-/S-D-galactopyranoside 
o-Nitrophenyl-jS-D-glucopyranoside 
p-Nitrophenyl-a-D-glucopyranoside 
p-Nitrophenyl-0-D-giucopyranoside 
55 p-Nitrophenyl-/S-D-glucuronide 
p-Nitrophenyl phosphate 



BNSDOCID: <EP 0264221 A2J_> 



15 



0 264 221 



16 



o-Nitrophenyl-jS-D-xylopyranoside 
p-Nitrophenyl-a-D-xylopyranoside 
p-Nitrophenyl-0-D-xylopyranoside 
Phenolphthalein-0-D-giucuronide 

More specifically, approximately 97% of E 
coli strains tested produce the enzyme 0- 
glucuronidase, while other genera of Enterobac- 
teriaceae generally do not synthesize this enzyme. 
Originally, ^-glucuronidase was detected through 
the use of chromogenic substrates, but recently a 
more sensitive assay for ^-glucuronidase has been 
developed, utilizing the fluorogenic substrate 4- 
methylumbelliferyi-0-D-glucuronide (MUG). 0- 
glucuronidase cleaves the non-fluorescent com- 
pound MUG, producing 4-methyiumbelliferone, a 
highly fluorescent compound detected under long 
wave ultraviolet light. One advantage of MUG test- 
ing for E coli is that anaerogenic strains of E. coli 
may be detected. Further, MUG detection of E coli 
may be used in combination with the presumptive 
coliforrn MPN test to establish the presence and/or 
estimate the number of E coH in a test sample. 
The use of MUG in MPN coliforrn media thus offers 
a rapid test for E coll that can be performed with 
samples containing mixed populations of microor- 
ganisms. 

A significant advantage of the present device is 
amenability to incorporation of colorimetric or flu- 
orescent detection of specific strains of microor- 
ganisms into methods for improved gas visualiza- 
tion. For example, the fluorogenic substrate MUG 
can be added to the MPN coliforrn medium to 
specifically detect the presence of E coli in a test 
sample. The apparatus permits simultaneous de- 
tection of gas and colored or fluorescent products 
resulting from hydrolysis of chromogenic or 
fluorogenic substrates without further manipulation. 
In contrast, individual tubes utilized for MPN testing 
usually must be held in a vertical position for 
observation of color or fluorescence. Observation of 
fluorescence is difficult because the tubes must be 
positioned essentially perpendicular to the ultra- 
violet light source. Further, the apparatus of the 
present invention is designed to be adaptable to 
automated surface scanning fluorometers and col- 
orimeters. The combination of the advantageous 
design features of the present invention with im- 
proved detection of colored or fluorescent enzymic 
products offers an improved, rapid, and easy meth- 
od for detection and estimation of a specific group 
and a specific genus within a heterogeneous popu- 
lation of microorganisms. 

To summarize the examples which follow, Ex- 
ample [ describes a method for detection of gas 
produced* by a microbial isolate tentatively iden- 
tified as one capable of gas production. Example N 
relates to the detection of coliforrn bacteria in a 
water sample by the presence-absence technique, 



using the device of the present invention. Example 
III describes a method for estimation of numbers of 
coliforrn bacteria in food or water samples with the 
MPN technique, utilizing the apparatus of the 

5 present invention. Example IV relates to the estima- 
tion of numbers of coliforrn bacteria, as well as to 
the specific detection and estimation of E coli in 
food samples, through use of the apparatus of the 
present invention in conjunction with a specific 

10 metabolic assay. 

The following examples are offered by way of 
illustration and not by way of limitation. 



75 EXAMPLE I 

Detection of Microbial Gas Production by an Iso- 
lated Strain 

20 A bacterial isolate tentatively identified by cul- 
tural characteristics as capable of gas production 
(e.g., E coli ) is inoculated into appropriate growth 
medium contained within the device. Briefly, 1 1 ml 
of purple broth (DIFCO) containing 0.5% lactose is 

25 steriiely pipetted into the gas collection device. The 
device is tilted to remove residual bubbles from the 
gas collection dome. A single colony tentatively 
identified as E coli (possessing a green metallic 
sheen on Eosin methylene blue agar) is picked and 

30 suspended in phosphate buffered saline (PBS: pH 
12). A loopful of the suspension is then transferred 
to the purple broth within the device, and the 
culture incubated at 37 °C for 24 hours. Bacterial 
isolates capable of metabolizing lactose, with pro- 

35 duction of acid and gas end products, will dem- 
onstrate a color change from purple to yellow in 
the growth medium that is indicative of acid pro- 
duction. In addition the gaseous end products, hy- 
drogen and carbon dioxide, will collect under the 

40 dome of the apparatus, permitting ready visualiza- 
tion. 



EXAMPLE II 

45 

Detection of Coliforrn Bacteria in a Drinking Water 
Sample by the Presence-Absence Technique 

The device of the present invention may be 
so used to assay water samples for the presence of 
coliforrn bacteria, according to the presence-ab- 
sence technique described in Standard Methods 
for the Examination of Water & Wastewater (17th 
ed., American Public Health Association, 19B1). 
55 Briefly, 100 ml of drinking water are asepticaily 
added to 50 ml of triple strength. Clark's medium in 
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the device. The device is tilted to remove residual 
bubbles from the gas collection dome, subsequent- 
ly incubated at 35 °C, and inspected for the pres- 
ence of gas and acid at 24 and 48 hours. 

Presumptively positive cultures are then sub- 
cultured to confirm the presence of conforms. A 
loopful of cell suspension is transferred from each 
gas-positive culture to an evacuated device con- 
taining 11 ml of brilliant green lactose bile medium. 
The subcultures are incubated at 35 D C and exam- 
ined at 24 and 48 hours for the presence of gas. 



EXAMPLE 111 

Estimation of Numbers of Coliform Bacteria in 
Food and Water Samples by the MPN Technique 

Food or water samples may be assayed for 
coliform levels in the apparatus, according to meth- 
ods described in Compendium of Methods for the 
Microbiological Examination of Foods (2nd ed.. 
American Public Health Association, 1984) and 
Standard Methods for the Examination of Water 
and Wastewater (17th ed., American Public Health 
Association, 1981). For MPN testing of water sam- 
ples, 1.0 ml aliquots of 10X concentrated lauryl 
tryptose broth were added to devices of an appara- 
tus. Replicate 10 ml test samples were then asep- 
tically added to each of five devices. The apparatus 
- was tilted to remove residual gas bubbles from the 
gas collection dome and incubated at 35°C. At 24 
and 48 hours, the domes of the devices were 
examined for the presence of gas. 

Presumptively positive cultures were then sub- 
cultured to confirm the presence of conforms. Brief- 
ly, a loopful of cell suspension was transferred from 
each gas-positive culture to an evacuated device 
containing T1 ml of brilliant green lactose bile me- 
dium. The inoculated subcultures were incubated at 
35 °C and examined at 24 and 48 hours for the 
presence of gas. 

Food samples were diluted 10-fold prior to 
MPN assay. One part (by mass) of solid food was 
added to 9 parts (by volume) of sterile diluent 
buffer (Butterfield's Phosphate), and the mixture 
was blended for 2 minutes. Two additional serial 
10-fold dilutions were made from the 1:10 diluted 
food sample. Ten ml of each 10-fold dilution were 
added to each of three separate devices of an 
apparatus, each containing 1.0 ml of tOX con- 
centrated lauryl tryptose broth. The apparatus was 
then tilted to evacuate gas from the collection 
dome. The cultures were incubated at 35 °C, and 
examined for the production of gas at 24 and 48 
hours. A loopful of cell suspension was then trans- 
ferred from each gas-positive culture to an evacu- 
ated device containing 11 ml of brilliant green 
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lactose bile medium to confirm the presence of 
conforms. The inoculated subcultures were incu- 
bated at 35 °C and examined at 24 and 48 hours 
for the presence of gas. The number of devices 
5 that contain gas at each dilution is used to estimate ? 
the number of bacteria contained within the original 
sample through use of a standard statistical (MPN) 
probability table. 

70 

EXAMPLE IV 

Detection of E. coli and Estimation of Numbers of 
Conforms and E. coli in Food Samples by the MPN 
75 Technique 

The presence of E. coH in food samples may 
be specifically detected and estimated in an MPN 
assay by adding 4-methylumbelliferyh/S-D- 

20 glucuronide (MUG) to lauryl tryptose broth. Briefly, 
food samples were diluted 10-fold (1 part mass of 
solid food to 9 parts volume sterile diluent buffer), 
and the mixture blended for 2 minutes. Two addi- 
tional serial 10-fold dilutions were made. Ten ml 

25 aliquots from each 10-fold dilution were added to 
each of 3 separate devices of an apparatus, each 
containing 1.0 ml of 10X concentrated lauryl tryp- 
tose broth, supplemented with 50 ug/ml MUG. The 
apparatus was tilted to remove residual bubbles 

30 from the gas collection dome. The cultures were 
incubated at 35 °C, and inspected for gas produc- 
tion at 24 and 48 hours. In addition, the apparati 
were examined at 24 hours under long-wave ul- 
traviolet illumination for fluorescence resulting from 

35 ^-glucuronidase cleavage of MUG. Inoculated cul- 
tures were compared to an uninoculated device to 
determine positive fluorescence. Devices exhibiting 
fluorescence with or without gas are considered to 
be positive for the presence of E. coli. Gas and 

40 fluorescence at the various dilutions are used to 
estimate the number of coliforms (gas) and E. coli 
(fluorescence) through use of a standard statistical 
(MPN) probability table. 

From the foregoing it will be appreciated that, 

45 although specific embodiments of the invention 
have been described herein for purposes of illustra- 
tion, various modifications may be made without « 
deviating from the spirit and scope of the invention. 
Accordingly, the invention is not limited except as 

so by the appended claims. 

The features disclosed in the foregoing de- 
scription, in the following claims and/or in the ac- 
companying drawings may, both separately and in 
any combination thereof, be materia! for realising 

55 the invention in diverse forms thereof. 
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Claims 

1. A device adapted for containing a volume of 
growth medium, said device employed for detec- 
tion of gas produced by a microorganism putativeiy 
contained within a test sample added to the growth 
medium, comprising: 

a primary chamber having a top surface; 
a dome defined by said top surface of said primary 
chamber and communicating therewith, said dome 
establishes a fluid level and is adapted for collec- 
tion of said gas produced by said microorganism 
within said growth medium; and 
a fill section adjacent to and communicating with 
one end of said primary chamber, said fill section 
spaced apart from said dome and extending above 
said fluid level, and further defining an opening for 
the addition of said test sample. 

2. An apparatus consisting of an array of adja- 
cent, substantially identical devices, each device 
adapted for containing a volume of growth medium 
and employed for detection of gas produced by a 
microorganism putativeiy contained within a test 
sample added to the growth medium of each de- 
vice, each device comprising: 

a primary chamber having a top surface; 
a dome defined by said top surface of said primary 
chamber and communicating therewith, said dome 
establishes a fluid level and is adapted for collec- 
tion of said gas produced by said microorganism 
within said growth medium; 
a fill section adjacent to and communicating with 
one end of said primary chamber, said fill section 
spaced apart from said dome and extending above 
said fluid level, and further defining an opening for 
the addition of said test sample; and 
a means for selectively closing said' opening de- 
fined by said fill section. 

3. The device of claim 1 or the apparatus of 
claim 2, additionally comprising a means for selec- 
tively venting the device. 

4. The device of claim 1 or the apparatus of 
claim 2 wherein said top surface is slanted toward 
sad dome to facilitate the collection of gas. 

5. The device of claim 1 or the apparatus of 
claim 2 wherein the base and/or top of said device 

# or said apparatus are constructed from transparent 
materials. 

6. The device of claim 5 wherein said transpar- 
ent material is plastic or glass. 

7. A method for detecting the presence of a 
microorganism within a sample or within a plurality 
of samples, each putativeiy containing a microor- 
ganism, utilizing the device of claim 1 or the ap- 
paratus of claim 2, comprising the steps of: 
adding growth medium to said device or said ap- 
paratus; 

adding said sample to said device or said plurality 



of samples to said apparatus containing said 
growth medium, thereby forming a mixture or mix- 
tures; 

incubating said mixture or mixtures; and 
5 detecting the presence of said microorganism by 
determining the presence or absence of gas within 
said device or said apparatus. 

8. A method for estimating the number of mi- 
croorganisms within a sample utilizing the appara- 

70 tus of claim 2, comprising the steps of: 

adding growth medium to at least two devices of 
said apparatus; 

adding serial dilutions of a sample containing at 
least one microorganism to said devices containing 
75 said growth medium, thereby forming mixtures; 
incubating said mixtures; 

detecting the presence of said microorganisms by 
determining the presence or absence within each 
device; and 

20 estimating the number of said microorganisms 
within said sample. 

9. A method of analyzing a sample or a plural- 
ity of samples putativeiy containing a microorgan- 
ism utilizing the device of claim 1 or the apparatus 

25 of claim 2, comprising the steps of: 

adding growth medium containing a fiuorogenic or 
chromogenic substrate to said device or said ap- 
paratus; 

adding said sample or said plurality of samples to 
30 said growth medium, thereby forming a mixture or 
mixtures; 

incubating said mixture or said mixtures; 
detecting the presence of said microorganism by 
determining the presence or absence of gas within 
35 said device or said apparatus; and 

determining the presence of said microorganism by 
detecting the presence or absence of fluorescent 
or colored products within said growth medium. 

10. A method of analyzing microorganisms 
40 within a sample utilizing the apparatus of claim 2, 

comprising the steps of: 

adding growth medium containing a fiuorogenic or 
chromogenic substrate to at least two devices of 
said apparatus; 
45 adding serial dilutions of a sample containing at 
least one microorganism to said devices containing 
said growth medium, thereby forming mixtures; 
incubating said mixtures; 

detecting the presence of said microorganisms by 
50 determining the presence or absence of gas within 
each device; 

determining the presence of said microorganisms 
by detecting the presence or absence of fluores- 
cent or colored products within said growth me- 
ss dium; and 

estimating the number of microorganisms within 
said sample. 
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11. The method of claims 7, 8, 9 or 10, addi- 
tionally comprising, after the step of adding said 
sample or said plurality of samples or said serial 
dilutions, the steps of tilting said device or said 
apparatus such that the dome is filled with said 
mixture or said mixtures, and returning said device 
or said apparatus to an untilted position. 

12. The method of claims 7, 8, 9 or 10 wherein 
said sample, said samples or said serial dilutions 
putatively containing a microorganism are a water 
sample, a food sample, a dairy sample or a biologi- 
cal fluid. 

13. The method of claim 9 or 10 wherein said 
fluorogenic substrate is selected from the group 
consisting of fluorescein diacetate, 4-methyiumbel- 
liferyl acetate, 4-methylumbelliferyl-a-L-ar- 
abinopyranoside. 4-methylumbelliferyl casein, 4- 



methylumbelliferyl-0-D-fucopyranoside, 4- 

methylumbelliferyl-of-L-fucopyranoside, 4- 

methylumbeliiferyl-0-L-fucopyranoside, 4- 

methylumbel!iferyl-orD-galactopyranoside, 4- 

methylumbelliferyl-/3-D-galactopyranoside, 4- 

methylumbelliferyl-a-D-gtucopyranoside, 4- 

methylumbelliferyl-0-D-glycopyranoside, 4- 



methylumbelIiferyl-/S-D-glucuronide, 4-methylum- 
belliferyl nonanoate, 4-methylumbelliferyl oleate, 4- 
methylumbelliferyl phosphate, bis(4-methylumbel- 
Iiferyl)phosphate, 4-methylumbelliferyl 
pyrophosphate diester, and 4-methylumbelligeryl- 
. jS-D-xylopyranoside. 

14. The method of claim 9 or 10 wherein said 
chromogeriic substrate is selected from the group 
consisting of o-nitropnenyl-0-D-galactopyranoside, 
p-nitrophenyl-£-D-gaIactopyranoside, o-nitrophenyl- 
/5-D-glucopyranoside, p-nitrophenyl-o-D- 
giucopyranoside, p-nitrophenyl-/3-D- 
glucopyranoside, p-nitrophenyl-jS-D-glucuronide, p- 
nitrophenyl phosphate, o-nitrophenyl-tf-D- 
xyiopyranoside, p-nitrophenyl-a-D-xylopyranoside, 
p-nitrophenyl-0-D-xylopyranoside, and 
phenolphthalein-/S-D-glucuronide. 

15. The method of claim 9 or 10 wherein said 
fluorescent product is detected by exposure to 
ultraviolet light 

16. The method for estimating the number of 
microorganisms according to claim 8 or of analyz- 
ing microorganisms within a sample according to 
claim 10 wherein the step of estimating the number 
of microorganisms within said sample is calculated 
by the MPN method. 

17. The device of claim 1 or the apparatus of 
claim 2 wherein the primary chamber is made from 
a barrier plastic. 

18. The device or the apparatus of claim 17 
wherein the barrier plastic is selected from the 
group consisting of polystyrene, poiyvinylidene 



chloride, acrylonitrile-butadiene-styrene copolymer, 
styrene-acrylonitrile polymer, polyacrylonitrile, and 
polyvinyl chloride. 

19. The device or the apparatus of claim 5 
5 wherein the top of said device or said apparatus is 

constructed from transparent materials and the 
base of said device or said apparatus is con- 
structed from nontransparent materials. 

20. The method of claims 7, 8, 9 or 10 wherein 
io the growth medium contains a wetting agent in a 

concentration that is not bacteriostatic or bacterici- 
dal. 

21. The method of claim 19 wherein the wet- 
ting agent is a nonionic or anionic surfactant. 

75 
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